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(54) DYED MOLDING 

(57) The present invention provides a dyed molded article obtained by dyeing a polycarbonate molded article having 
repeating structural units represented by the following fonnula (1 -a): 



/—v CH, CH, . > 



(1 ^a) 



< 

00 
CO 

o> 

CM 



Since Ihe polycarbonate molded article is dyed easily, the present invention has made it possible lo provide a lens 
made of a dyed polycarbonate. 
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Description 

Technical Field 

5 [0001 ] The present Invention relates to a dyed molded article comprising a polycarbonate having particular repeating 
structural units. 

Background Art 

10 [0002] Transparent resins, as compared with inorganic glasses, have advantages, for example, in that they are light, 
hardly broken and superior in proccssabiiity; therefore, they arc used in optical applications such as various lenses (c. 
g. eyeglass lens) and the like, as substitutes for inorganic glasses. 

[0003] As such resins used in optical applications, many kinds have been known heretofore. For example, thermo- 
setting resins using diethylene glycol bis(allyl carbonate) as a monomer, i.e. DAC resins are used in a large amount 
15 in general-purpose eyeglass lenses because they are superior in transparency and heat resistance, small in color 
aberation and easy to dye. These DAC resins, however have had drawbacks in that they are low in refractive index 
(n^ - 1 .50) and inferior in impact resistance. 

[0004] Polycarbonates of 2,2-bis(4'-hydroxyphenyl)propane (so-called bisphenol A) (the polycarbonates are here- 
inafter referred to as BPA-PC), which are themnoplastic resins, are superior in transparency, impact resistance and 
20 heat resistance and have a relatively high refractive Index; therefore, are in wide use as a resin for injection molded 
eyeglass lens. Polycarbonates typified by BPA-PC, however, are extremely difficult to dye by ordinary dyeing methods 
(e.g. dyeing with a disperse dye) and, in order to enable their dyeing, it has been necessary to form, on a lens to bie 
dyed, a coat layer with a hard coat material which can be dyed, and then dye the coat layer (this has required compli- 
cated steps). 

25 [0005] For dyeing a polycarbonate relatively easily, a method was proposed whbh comprises immersing a polycar- 
bonate molded article to be dyed, in a solvent compound containing a dye, to dye the polycarbonate molded article 
directly (e.g.. JP-A-8-1 04759). This method, however can be viewed as a method of eroding the surface of a molded 
article (e.g. a lens) using an organic solvent and simultaneously dyeing the molded article with a dye or a pigment, 
and has been said to have an environmental problem in that the method uses an organic solvent. Moreover the lens 

30 dyed by the above method is excessively eroded by the solvent compound at the surface, depending upon the dyeing 
conditions employed, and has been reduced transparency; therefore, the dyed lens has no practical value. 
[0006] In applications of transparent resin molded articles, for example, eyeglass lenses wherein tashionability is 
needed, there have been required not only optical properties (e.g. transparency and high refractive index), impact 
resistance, etc., but also being easily dyeable by a simple method. It is currently desired to develop a resin for optical 

35 application which is dyeable by a simple method, and a molded article obtained by dyeing such a resin. 

[0007] The task of the present invention is to alleviate the above-mentioned problems and provide a dyed lens made 
of a polycarbonate having particular repeating structural units and high dyeability. 

Disclosure of the Invention 



[0008] The present inventors made a study in order to solve the above-mentioned problems. As a riesult, the present 
inventors found out an easily dyeable aromatic polycariDonate. The finding has led to the completion of the present 
invention. 

[0009] The present invention relates to the following. 
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(1) A dyed molded article obtained by dyeing a potycarisonate molded article having repeating structural units 
represented by the following formula (1 -a); 
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(2) A dyed molded article according to the above (1 ), obtained by dyeing the molded article with a disperse dye in 



2 



BNSDOCID: <EP_ 



1142938A1 _!_> 



EP 1 142 938 A1 

an aqueous medium. 

(3) A dyed molded article according to the above (1) or (2), having a spectra! transmittance of 10 to 90% relative 
to the spectral transmittance of the molded article at one or more wavelengths selected from 430 nm, 51 0 nm and 
595 nm. 

5 (4) A dyed molded article according to any of the above (1 ) to (3), wherein the molded article comprises a poly- 

carbonate having a weight-average molecular weight of 10,000 lo 300,000. 

(5) An optical lens made of a dyed molded article set forth in any of the above (1) to (4). 

(6) An optical lens according to the above (5), wherein the portion of the dyed molded article having a thickness 
of 1 .5±0.5 mm shows a spectral transmittance of 5 to 85% at one or more wavelengths selected from 430 nm, 51 0 

10 nm and 595 nm. 

Best Mode for Carrying Out the Invention 

[0010] The present invention is described in detail below. 
15 [0011] The present invention relates to a dyed molded article made of a polycarbonate having structural units rep- 
resented by the above-shown formula (1-a). 

[0012] The polycarbonate according to the present invention is obtained by reacting a,a'-bis(4-hydroxyphenyl)- 
1 ,3-diisopropylbenzene (hereinafter abbreviated to BPM or bisphenol M) represented by the following fonnula (1): 
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(1) 



with a carbonate precursor (for example, a carbonic acid diester compound such as dimethyl carbonate, diethyl car- 
bonate, diphenyl carbonate or the like, or a halogenated carbonyl compound such as phosgene or the like) to give rise 
to polymerization; and it is a known polymer described in, for example, U.S. Patent No. 3466260. 
-30 [0013] That the polycarbonate of bisphenol M according to the present invention has excellent dyeability, is neither 
described in any of known patents (including U.S. Patent No. 34662460), literatures and the like, nor known. The 
dyeability of the polycartDonate of bisphenol M has been found out for the first time as a result of investigations by the 
present inventors, and is quite surprising as compared with the conventional knowledge that polycarbonates have very 
inferior dyeability. 

35 [0014] As the process for producing such a polycarbonate, there are mentioned, for example, a process described 
in the above-mentioned U.S. Patent No. 3466260 and various known polymerization processes for polycarbonate 
production [for example, solution polymerization process, ester exchange process, orinterfacial polymerization process 
described in Jikken Kagaku Koza, Fourth Edition (28), Polymer Synthesis, pp. 231-242, Maruzen Publication (1988)]. 
[0015] The polycarbonate used in the present invention is a polycarbonate having polycarbonate units as essential 
units, derived from the bisphenol M represented by the formula (1a), or a copolycarbonatc derived from the bisphenol 
M and other bisphenol. In the present specif k:ation, they are referred to as (co)polycari3onate. The polycarbonate used 
in the present invention may also be a blend of the (co)polycarbonate and an other known polycarbonate or copoly- 
carbonate. 

[0016] The molecular weight of the (co)polycarbonate according to the present invention is not critical and is ordinarily 
1 0,000 to 300,000, preferably 20,000 to 250,000, more preferably 30,000 to 200,000 in terms of standard polystyrene- 
reduced weight-average molecular weight as measured by GPC (gel permeation chromatography). 
[0017] The polydispersity index of the (co) polycarbonate, expressed as a ratio of weight-average molecular weight 
and number-average molecular weight is not critical and is preferably 1 .5 to 20.0, more preferably 2.0 to 15.0. 
[0018] In the polycartaonate according to the present Invention, the terminal group may be reactive terminal group 
so such as hydroxyl group, halofonnate group, cartDonic acid ester group or the like, or may be inactive tenninal group 
blocked with a molecular weight modifier such as mentioned later. The terminal group is preferably inactive terminal 
group blocked with a molecular weight modifier. 

[0019] In the (co)polycarbonate according to the present invention, the amount of the terminal group is not critical 
but is ordinarily 0.001 to 5 mole %, preferably 0.01 to 5 mole %, more preferably 0.1 to 3 mole % relative to the total 
55 moles of the structural units.. 

[0020] In producing the (co)polycariDonate of the present invention by the above-mentioned process, it is preferred 
to conduct polymerization in the presence of a molecular weight modifier for control of molecular weight. The molecular 
weight modifier is not critical as to the kind and can be a known molecular weight modifier used in polycariaonate 
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production. There can be mentioned, for example, monovalent hydroxy aliphatic or aromatic compounds, their deriv- 
atives (e.g. alkali metal or alkaline earth metal salts of monovalent hydroxy aliphatic or aromatic compounds, halofor- 
mate compounds of monovalent hydroxy aliphatic or aromatic compounds, and carbonic acid esters of monovalent 
hydroxy aliphatic or aromatic compounds), monovalent carboxylic acids, and their derivatives (e.g. alkali metal or al- 
kaline earth metal satts of monovalent carboxylic acids, acid halides of monovalent carboxylic acids, and esters of 
monovalent carboxylic acids). 

[0021] The amount of the molecular weight modifier used is not critical and can be such as required for control to 
an intended molecular weight. The amount is ordinarily 0.001 to 5 mole %, preferably 0.01 to 5 mole % relative to the 
total moles of the dihydroxy compound polymerized. 

[0022] The polycartDonate according to the present invention is a polycarbonate having, as essential components, 
repeating structural units represented by the formula (1-a), and may have repeating structural units other than the 
repeating structural units represented by the formula (1-a). In the latter case, the proportion of the repeating structural 
units represented by the formula (1 -a), in the total repeating structural units is ordinarily 50 mole % or more, preferably 
70 mole %, more preferably 80 mole % or more, further preferably 90 mole % or more. Also when the polycarbonate 
has such other structural units, the other structural units may be one kind, or two or more kinds. 
[0023] In order to obtain the intended effects of the present invention, there is particularly preferred a polycarbonate 
having only repeating structural units represented by the formula (1-a) and not having any other repeating structural 
units. 

[0024] In these cases, the structural units of polymer chain terminal group include structural units derived from the 
above-mentioned molecular weight modifier. 

[0025] The repeating structural units other than those represented by the formula (1 -a), usable in the present inven- 
tion are repeating structural units derived from dihydroxy compounds other than the btsphenol M represented by the 
formula (1). Such dihydroxy compounds can be exemplified by various known aromatic or aliphatic dihydroxy com- 
pounds. 

[0026] Specific examples of the aromatic dihydroxy compounds include: 

bis(hydroxyaryl)alkanes such as bis(4-hydroxyphenyl)methane, 1 ,1-bis(4'-hydroxyphenyl)ethane, 1 ,2-bis(4'-hy- 
droxyphenyl)ethane, bis(4-hydroxyphenyl)phenylmethane, bis((4-hydroxyphenyl)diphenylmethane, bis(4-hydrox- 
yphenyl)-1-naphthylmethane, 1 ,1-bis(4'-hydroxyphenyl)-1-phenylethane, 2,2-bis(4'-hydroxyphenyl)propane (so- 
called bisphenol A), 2-(4' -hydroxyphenyl)-2-(3'-hydroxyphenyl)propane, 2,2-bis(4*-hydroxyphenyl)butane, 1 ,1 -bis 
(4*-hydroxyphenyl)butane, 2,2-bis(4'-hydroxyphenyl)-3-methylbutane, 2,2-bis(4'-hydroxyphenyl)pentane, 3,3-bis 
(4'-hydroxyphenyl)pentane, 2,2-bis(4'-hydroxyphenyl)hexane, 2,2-bis(4'-hydroxyphenyl)octane, 2,2-bis(4'-hy- 
droxyphenyl)-4-methytpentane, 2,2-bis(4'-hydroxyphenyl)heptane, 4,4-bis(4'-hydroxyphenyl)heptane, 2,2-bis(4'- 
hydroxyphenyl)tridecane, 2,2-bis(4'-hydroxyphenyl)octane, 2,2-bis(3'-methyl-4'-hydroxyphenyl)propane, 2,2-bis 
(3*-ethyl-4*-hydroxyphenyl)propane, 2,2-bis(3'-n-propyl-4'-hydroxyphenyl)propane, 2,2-bts(3'-isopropyl-4'-hydrox- 
yphenyl)propane, 2,2-bis(3'-sec-butyl-4'-hydroxyphenyl)propane, 2,2-bis(3'-tert-butyl-4'-hydroxyphenyl)propane, 
2,2-bis(3'-cyclohexyl-4'-hydroxyphenyl)propane, 2,2-bis(3'-allyl-4'-hydroxyphenyl)propane, 2,2-bis(3'-methoxy-4'- 
hydroxyphenyl)propane, 2,2-bis{3',5'-dlmethyl-4'-hydroxyphenyl)propane, 2,2-bis(2',3',5' ,6'-tetramethyl-4'-hy- 
droxyphenyl)propane, bis(4-hydroxyphenyl)cyanomethane, 1 -cyano-3,3-bis(4'-hydroxyphenyl)butane, 2,2-bis(4'- 
hydroxyphenyl)hexafluoropropane and the like; bis(hydroxyaryl)cycloalkanes such as 1,1-bis(4'-hydroxyphenyl) 
cyclopentane, 1 ,1-bis(4'-hydroxyphenyl)cyclohexane, 1 ,1-bis(4'-hydroxyphenyl)cycloheptane, 1 ,1-bis(3'-methyl- 
4'-hydroxyphenyl)cyclohexane, 1 ,1-bis(3',5'-dimethyl-4'-hydroxyphenyl)cyclohexane, 1 ,1 -bis(3*,5'-dichloro-4'-hy- 
droxyphenyl)cyclohexane, 1 ,1-bis(3'-methyl-4'-hydroxyphenyl)-4-methylcyclohexane, 1 ,1 -bis(4'-hydroxyphenyl)- 
3,3,5-trimethylcyclohexane, 2,2-bis(4'-hydroxyphenyl)nori3omane, 2,2-bis(4'-hydroxyphenyl)adamantane and the 
like; 

bis(hydroxyaryl) ethers such as 4,4'-dihydroxydiphenyl ether. 4,4'-dihydroxy-3,3'-dimethyldiphenyl ether, ethylene 
glycol bis(4-hydroxyphenyl) ether and the like; 

bis(hydroxyaryl) sulfides such as 4,4*-dihydroxydiphenyl sulfide, 3,3'-dimethyl-4,4*-dihydroxydiphenyl sulfide, 3.3'- 
dicyclohexyl-4,4*-dihydroxydiphenyl sulfide, 3,3'-diphenyl-4,4*-dihydroxydiphenyl sulfide and the like; 
bis(hydroxyaryl) sulfoxides such as 4,4'-dihydroxydiphenyl sulfoxide, 3,3'-dimethyl-4,4'-dihydroxydiphenyl sulfox- 
ide and the like; 

bis(hydroxyaryl)sulfones such as 4,4'-dihyroxydiphenylsulfone, 4,4''dihydroxy-3,3'-dimethyldiphenylsulfone and 
the like; 

bis(hydroxyaryl) ketones such as bis(4-hydroxyphenyl) ketone, bis(4-hydroxy-3-methylphenyl) ketone and the like; 
and other dihydroxy compounds such as a,a'-bis(4-hydroxyphenyl)-1 ,4-diisopropylbenzene (bisphenol P), 6.6'- 
dihydroxy-3,3,3',3*-tetramethyl-1 ,r-spirobiindane, 7T'-dihydroxy-3,3',4,4'-tetrahydro-4,4,4',4'-tetramethyl-2.2'- 
spirobi(2H-1 -benzopyran), trans-2,3-bis(4'-hydroxyphenyl)-2-butene, 9,9-bis(4'-hydroxyphenyl)fluorene, 3.3-bis 
(4'-hydroxyphenyl)2-butanone, 1 ,6-bis(4'-hydroxyphenyl)-1 ,6-hexanedione, 4,4'-dihydroxybiphenyl, hydroqui- 
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none, resorcin anu the like. 

[0027] Also included are aromatic dihydroxy compounas having ester linkage, which can be produced, for example, 
by reacting 2 moles of bisphenol A with 1 mole of isophthaloyi chloride or terephthaloyi chloride. 
5 [0028] Specific examples of the aliphatic dihydroxy compounds include: 

dihydroxyalkanes such as 1 ,2-dihydroxyethane, 1 ,3-dihydroxyprQpane, 1 ,4-dihdyroxybulane, 1 ,5-dihydroxypen- 
tane, 3-methyl-1 ,5-dihydroxypentane, 1 ,6-dihydroxyhexane, 1 ,7-dihydroxyheptane, 1,8-di hydroxy octane, 1 ,9-di- 
hydroxynonane, 1 ,10-dihydroxydecane, 1 ,11-dlhdyroxyundecane, 1 ,12-dlhydroxydodecane, di hydroxy neopenty I, 
10 2-ethyM ,2-di hydroxy hexane, 2-methyl-1 ,3-dlhydroxypropane and the like; and 

dihydroxycycloalkanes such as 1 ,3-dihydroxycyclohexane, 1,4-dihydroxycyclohexane, 2,2-bis(4'-hydroxycy- 
clohexyl}propane and the like. 

[0029] Also included are dihydroxy compounds such as o-dihydroxyxylylene, m-dihydroxyxylylene, p-dihydroxyxy- 
IS lylene, 1 ,4-bis(2'-hdyroxyethyl)benzene, 1 ,4-bis(3'-hydroxyporpyl)benz6ne, 1 ,4-bis(4'-hydroxybutyl)benzene, 1,4-bis 
(5'-hydroxypentyl)ben2ene, 1 ,4-bls(6'-hydroxyhexyl)benzene, 2,2-brs[4'-(2"-hydroxyethyloxy)phenyl]propane, 2,2-bis 
[4'-(2"-hydroxypropyloxy)phenyl]propane, 6,6'-bis(2"-hydroxyethyloxy)-3,3,3\3'-tetramethyl-1 ,1 '-spirobiindane, 6,6'- 
bis(2"-hdyroxypropyloxy)-3.3.3'.3'-tetramethyl-1 , 1 '-spirobiindane and the like. 

[0030] To the polycarbonate according to the present invention may be added, during the production or its molding. 
20 various additives such as antioxidant (e.g. hindered phenol, phosphorous acid ester or phosphoric acid ester), heat 
stabilizer (e.g. phenol type, hindered phenol type, sulfur type, metal phosphate or metal phosphite), ultraviolet absorber, 
lubricant, organic halogen compound type flame retardant, releasing agent, flowability improver, antistatc agent and 
the like, as long as the addition does not impair the intended effects of the present invention. 

[0031] The polycarbonate according to the present invention may be compounded with other polycarbonate, for 
25 example, an aromatic polycarbonate derived from 2,2-bis(4'-hydroxyphenyl)propane, as long as the intended effects 
of the present invention are not impaired thereby, whereby the resultant compound can be used as a molding material. 
In that case, the proportion of repeating structural units represented by the fomriula (1-a) is ordinarily 70 mole %, 
preferably 80 mole % or more, more preferably 90 mole % or more. 

[0032] As the other polymer, there can be mentioned polyethylene, polypropylene, polystyrene, ABS resin, polyme- 
30 thyl methacrylate, polytrifluoroethylene, polytetrafluoroethylene, poiyacetal, polyphenylene oxide, polybutylene tereph- 
thalate, polyacetylene terephthaiate, polyamide, polyimide, polyamideimide, polyetherimide, polysulfone, polyether- 
sulfone, paraoxybenzoyi type polyester, polyarylate, polysulfide, etc. 

[0033] The dyed molded article according to the present invention can be preferably produced by steps including (1 ) 
a step of producing a molded article from the above-mentioned polycarbonate by a known molding method to be 

35 described later and (2) a step of dyeing the molded article by a known dyeing method. 

[0034] As the molded article according to the present invention, there can be mentioned various molded articles for 
which transparency and dyeabilrty are required. Representative examples of such molded articles are optical lenses 
used in eyeglasses, sunglasses, etc.; transparent materials as a glass substitute used in vehicles (e.g. automobiles), 
structures, etc.; and transparent structural materials used in electrical or electronic appliances, etc. The molded article 

-tt? of the present invention is not restricted thereto. 

Particularly preferable examples of the present molded article to be dyed are optical lenses used in eyeglasses, sun- 
glasses, etc., because these lenses require dyeability strongly for fash ionability. 

[0035] The polycarbonate according to the present invention Is thermoplastic and can be subjected to injection mold- 
ing, extrusion molding and blow molding in a molten state; and Is moldable also by other known methods such as 
compression molding, solution casting and the like. The molded article according to the present invention can preferably 
be produced by these molding methods. 
[0036] The dyed molded article of the present invention can preferably be produced by dyeing the molded article 
produced by the above molding method, by one of various known dyeing methods. As a representative dyeing method, 
there can be mentioned, for example, a method of conducting dyeing with a dye (e.g. a disperse dye), a pigment or 
so the like in an aqueous medium, an organic solvent, or their mixture. 

[0037] Of the above dyeing methods, a method of conducting dyeing in an organic solvent (e.g. a method described 
in JP-A-8-1 04759 or the like) has an advantage in that a molded article can be dyed at a high density with relative 
easiness; however, with the method, the organic solvent used may erode the surface of a molded article and impair 
the transparency of the molded article depending upon the dyeing conditions employed (e.g. the kind of the solvent 
used, the temperature and time of dyeing used, etc.). Therefore, of the above methods, a method of conducting dyeing 
with a disperse dye in an aqueous medium is preferred. 

[0038] When dyeing is conducted in an organic solvent, the organic solvent used is not critical as to the kind and 
can be one of various known organic solvents ordinarily used. In view of the above-mentioned problem, however, a 
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I water-soluble alcohol type solvent or its mixture with water is preferred to a v./aler-insoluble organic solvent (particularly, 
/ a halogenated hydrocarbon type solvent or the like). 

' [0039] The dye and pigment are not critical as to the kinds, and various known dyes and pigments used in dyeinq 
of fiber resin, etc. can be used preferably. 
5 [0040] As the method for conducting dyeing with a disperse dye in an aqueous medium, there is. for example, a 
method which comprises dispersing a disperse dye in an aqueous medium, adding, as necessary, known additives (e. 
g. a surfactant, a pH-controllIng agent, a dispersing aid leveling agent and a dyeing accelerator) to prepare a dyeing 
bath of given temperature, and Immersing therein a lens molded by the above-mentioned method, for a given length 
of time. 

10 [0041] As the dye used in production of the dyed molded article of the present invention, a disperse dye is preferred 
as mentioned previously. The disperse dye is exemplified by azo type dyes, quinophthalone type dyes and anthraqul- 
none type dyes. 

[0042] The amount of the disperse dye used is not critical but is ordinarily 0.5 to 30 g/llter in terms of concentration 
in dyeing bath. 

IS [0043] The disperse dye used is not partlculariy restricted as to the kind and various known disperse dyes can be 
used satisfactorily. Specific examples of such disperse dyes include the following products of Mitsui BASF Dye K.K. 
[0044] As azo dyes, there can be mentioned, for example, MIketon Polyester (hereinafter refen^ed to as M/P) Yellow 
5G, M/P Yellow 5GF. M/P Yellow 5R. M/P Yellow GL. M/P Orange 3GSF, M/P Orange SF, M/P Orange SO, M/P Orange 
B, M/P Yellow Brown R, M/P Brown 2RL, M/P Scariet RR, M/P Scariet 3R, M/P Scarlet 3RG, M/P Scariet RCS, M/P 

20 Scariet BRSF, M/P Red FL, M/P Red 3BSF, M/P Ruibine GGSF. M/P Ruibine GL, M/P Violet ADW, M/P Discharge 
Blue R, M/P Blue G-ADW, M/P Blue 3RT, M/P Blue 3RSF. M/P Blue 2RF. M/P Blue 7GSF, M/P Red Brown S, M/P 
Navy Blue 3GS, M/P Navy Blue GLSF, M/P Navy Blue BGSF, M/P Navy Blue TNSF, M/P Navy Blue RRSF and M/P 
Navy Blue TRSF 

[0045] As quinophthalone type dyes, there can be mentioned M/P Yellow 3GSL, M/P Yellow F3G, M/P Yellow GSL, 
25 etc. 

[0046] As anthraqulnone type dyes, there can be mentioned M/P Yellow HLS, M/P Red FB, M/P Red 4BF, M/P Red 
SL, M/P Red T4B, M/P Red BLSF, M/P Red Violet 4RL, M/P Red Violet FR, M/P Red Pink REL, M/P Blue FBL, M/P 
Blue FTK, M/P Blue VSL, M/P Blue TGSF, M/P Blue TSF, M/P Brill Blue 5B, M/P Brill Blue BG, etc. 
[0047] As other dyes, there can be mentioned M/P Yellow YL, M/P Brill Red FGG, M/P Brown G, M/P Brown GF 

30 MLP Gold Yellow-2, MLP Red-2, MLP Blue-2, etc. 

[0048] In conducting dyeing with a disperse dye in an aqueous medium in a dyeing bath, a surfactant is added as 
necessary. The surfactant is not critical as to the kind and is exemplified by anionic surfactants such as salt of alkyl- 
benzenesulfonic acid, salt of alkylsulfosuccinic acid, salt of lauryt sulfate, and the like, and nonionic surfactants such 
as polyethylene glycol alkyt ether, polyethylene glycol sorbitan fatty acid ester and the like. These surfactants may be 

35 used singly or in admixture of two or more kinds. 

[0049] The amount of the surfactant used Is not critical but Is ordinarily 0.1 to 500 g/liter in terms of concentration in 
dyeing bath. 

[0050] The dyeing temperature is not critical but is ordinarily 50 to 110*C, preferably 80 to SS'C. 

[0051] The dyeing time varies depending upon the conditions such as dyeing temperature and the like, but is ordinarily 

40 about 1 minute to 1 hour 

[0052] The dyed (ok ?) molded article of the present invention is as necessary dyed into a desired color and must 
be satisfactorily dyed by a dye or pigment of desired color (e.g. red, blue or yellow). The polycarbonate having a 
bisphenol M structure as repeating units, used in the present invention shows excellent dyeability for such a dye or 
pigment; therefore, by appropriately setting the above-mentioned dyeing conditions (e.g. the kind of dye or pigment, 

45 the kind of medium in dyeing bath, and the temperature and time of dyeing), it is possible to achieve desired dyeing, 
for example, dyeing in a desired color and density, or gradient dyeing wherein the color density of dyed molded article 
has a gradient. 

[0053] In the dyed molded article of the present invention, the ratio of its spectral transmittance relative to the spectral 
transmittance of undyed molded article is preferably 0.1 to 0.9 at one or more wavelengths selected from 430 nm, 51 0 
50 nm and 595 nm (hereinafter the ratio is referred to as spectral transmittance ratio). The spectral transmittance ratio of 
the dyed molded article of the present invention is more preferably 0.15 to 0.85, further preferably 0.15 to 0.75, par- 
ticularly preferably 0.2 to 0.7. 

[0054] The molded article of the present invention is used particularly preferably as an optical lens. In this optical 
lens, the portion of the dyed molded article having a thickness of 1 .5±0.5 mm shows a spectral transmittance of 5 to 
55 85%, preferably 10 to 80%, more preferably 1 5 to 70%, most preferably 20 to 70%, at one or more wavelengths selected 
from 430 nm: 510 nm and 595 nm. 
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Examples 

[0055] The present invention is described in rnore detail below by way c; . Examples. However, the present invention 
is in no way restricted to the Examples. 
s [0056] The polycarbonates produced in the following Production Examples and Comparative Production Examples 
were measured for properties according to the following methods. 

[Measurement of molecular weight] 

10 [0057] A chlorofomri solution containing 0.2% by weight of a polycarbonate was subjected to GPC (gel penneation 
chromatography) using System-11 produced by Showa Denko K.K., to measure the weight -average molecular weight 
(Mw) of the polycarbonate. Incidentally, the molecular weight is a standard polystyrene-reduced value. 

[Measurement of spectral transmittance] 

15 

[0058] A molded article (a lens) produced and dyed in one of the following Examples and Comparative Examples 
was measured for spectral transmlttances at various wavelengths using a spectrophotometer (CARY-5 produced by 
Nihon Varian Sha). 

[0059] Spectral transmittance ratio was expressed as a ratio of the spectra transmittance (measured as above) of 
20 dyed molded article to the spectral transmittance (measured as above) of undyed molded article. 

Production Example 1 (Production of bisphenol M polycarbonate) 

[0060] A flask with baffle, having an internal volume of 2 liters was provided with a stirrer with lattice-shaped blade, 
25 a reflux condenser and a dipping tube for introduction of phosgene. Into the flask were fed 1 73 g (0.50 mole) of a,a'- 
bis(4-hydroxyphenyl)-1,3-diisopropylbenzene (bisphenol M, BPM), 56 g (1.40 moles) of sodium hydroxide. 0.423 g 
(0.0045 mole) of phenol and 600 ml of deionized water, to prepare an aqueous solution. To the aqueous solution was 
added 600 ml of dichloromethane (thereby a two-phase mixture was formed). To the two-phase mixture was fed, with 
stirring, 59.4 g (0.60 mole) of carbonyl chloride at a rate of 9.9 g/min. After the completion of carbonyl chloride feeding, 
30 0.08 g of triethylamine was added to the reaction mixture, after which stirring was continued for 90 minutes. The stirring 
was stopped; the reaction mixture was subjected to phase separation; the dichloromethane phase was neutralized 
with an aqueous hydrochloric acid solution, and washed with deionized water until substantially no electrolyte was 
detected in the aqueous washings obtained. The resultant dichloromethane phase was subjected to distillation to re- 
move dichloromethane, whereby was obtained 170 g of a colorless solid polycartDonate having repeating structural 
35 units represented by the formula (1-a) and a weight-average molecular weight of 150,000. The polycarbonate was 
subjected to differential thennal analysis in a temperature range of 0 to SOO'^C using a scanning calorimeter (DSC- 
3100 produced by Mac Science Co., Ltd.). As a result, the polycarbonate had a glass transition temperature (Tg) of 
102*'C. The polycarbonate was measured for ^H-NMR in a deuterated chlorofomri solution containing 1% by weight of 
the polycarbonate, and also for IR spectrum. The results are shown below. 

40 

• ""H-NMRS (CDCI3) : 

1 .4 (s,12H), 6.3-7.2 (m,12H) 
I R (KBr method): 

1 ,780 cm-^ [-0-C(=0)-0-] 

45 

[0061] Other properties are shown below. 

Specific gravity: 1.15 
Refractive index (n^): 1 .59 
^ • Abbe's number: 30 

Production Example 2 

[0062] The operation of Production Example 1 was repeated except that 173 g (0.60 mole) of a.a'-bis(4-hydroxy- 
55 phenyl)-1 ,3-diisopropylbenzene (bisphenol M, BPM) was replaced by 138 g (0.40 mole) of a,a'-bis(4-hydroxyphenyl)- 
1 ,3-diisopropylbenzene (bisphenol M, BPM) and 22.8 g (0.1 0 mole) of 2,2-bis(4'-hydroxyphenyl)propane, whereby was 
obtained a copolycarbonate (a random copolymer) having structural units represented by the following formulas (1-a) 
and(2-a). ^ ^ ^ 
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(1 - a) 



(2- a) 



15 The copolycarbonate had a weight-average molecular weight of 125,000. The copofycarbonate was subjected to dif- 
ferential thermal analysis in a temperature range of 0 to 300**C using a scanning calorimeter (DSC-31 00 produced by 
Mac Science Sha). As a result, the copolycarbonate had a glass transition temperature (T g) of 120**C. 
[0063] The copolycarbonate was measured for ""H-NMR in a deuterated chloroform solution containing 1% by weight 
of the copolycarbonate. As a result it was confirmed from the integral ratio of isopropylidene group that the molar ratio 

20 of the repeating structural units represented by the fonnula (1 -a) and the repeating structural units represented by the 
formula (2-a) is 80:20. The copolycarbonate was measured for IR spectrum, and the result is shown below. 

IR (KBr method): 

1 ,750 cm-1 , 1 780 cm-^ [-0-C(=0)-0-] 

25 

Comparative- Production Example 1 



[0064] A polycarbonate of bisphenol A was produced in the same manner as in Production Example 1 except that 
bisphenol M was replaced by bisphenol A (BRA). The polycarbonate had a weight-average molecular weight of 30,000. 

30 

Comparative Production Example 2 

[0065] A polycarbonate of bisphenol P was produced in the same manner as in Production Example 1 except that 
bisphenol M was replaced by a,a'-bis(4-hydroxyphenyl)-1 ,4-diisopropylbenzene (bisphenol P). The polycarbonate had 
35 a weight-average molecular weight of 80,000. [Production of dyeing baths]. 

[0066] 5 g of MLP Gold Yellow-2 (a disperse dye produced by Mitsui BASF Dye K.K.) was added to 1 ,000 ml of pure 
water. The resultant mixture was heated to SS'^C and maintained at that temperature to obtain a yellow dyeing solution. 
Separately, a red dyeing solution and a blue dyeing solution were produced in the same manner as mentioned above 
except that MLP Gold Yellow-2 was replaced by MLP Red-2 or MLP Blue-2 (both are products of Mitsui BASF Dye K.K.). 

40 

Example 1 (Production of red-dyed lens) 

[0067] 100 parts by weight of the polycarbonate of bisphenol M produced in Production Example 1 and 0.2 part by 
weight of tris(2,4-dl-tert-butylphenyl) phosphite were mixed using a Henschel mixer. The resultant mixture was melt- 
45 kneaded using a single-screw extruder (65 mm) to obtain pellets of the polycarbonate. The pellets were subjected to 
injection molding by a 30-ton Injection molding machine at a molding temperature of 260**C at a die temperature of 
50*C. to obtain a colorless, transparent, plus lens (convex lens)-shaped molded article having a central thickness of 
1 .5 mm. The molded article was measured for spectral transmittances at 430 nm, 510 nm and 595 nm. The spectral 
transmittances were all 90%. 

so [0068] The molded article was immersed in a red dyeing solution produced by the above method, at 80°C for 10 
minutes to obtain a red-dyed molded article. This molded article was measured for spectral transmittance at 510 nm 
at the central thickness of 1.5 mm, by the above method. The spectral transmittance was 48% and resultantly the 
spectral transmittance ratio of the molded article was 0.533. The dyeability of the molded arttele was very good when 
rated visually, there was no color unevenness, the molded article was a satisfactorily dyed molded article. The lens- 

55 shaped molded article was practically satisfactory in impact resistance, heat resistance, etc. 
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Example 2 (Production of blue-dyed molded article) 

[0069] A blue-dyed, lens-shaped molded article was obtained In the same manner as In Example 1 except that the 
red dyeing solution was replaced by a blue dyeing solution. 
5 [0070] This molded article was measured for spectral transmittance at 595 nm at the central thickness of 1 .5 mm, 
by the above method. The spectral transmittance was 50% and resultanlly the spectral transmittance ratio of the molded 
article was 0.556. The dyeability of the molded article was very good, there was no color unevenness, the molded 
article was a satisfactorily dyed molded article. The lens-shaped molded article was practically satisfactory in impact 
resistance, heat resistance, etc. 

10 

Example 3 (Production of yeliow-dyed molded article) 

[0071] A yellow-dyed, lens-shaped molded article was obtained in the same manner as in Example 1 except that 
the red dyeing solution was replaced by a yellow dyeing solution. 
15 [0072] This molded article was measured for spectral transmittance at 430 nm at the central thickness of 1 .5 mm, 
by the above method. The spectral transmittance was 50% and resultantly the spectral transmittance ratio of the molded 
article was 0.556. The dyeability of the molded article was very good, there was no color unevenness, the molded 
article was a satisfactorily dyed molded article. The lens-shaped molded article was practically satisfactory in impact 
resistance, heat resistance, etc. 

Example 4 (Production of red-dyed lens) 

[0073] 100 parts by weight of the copolycarbonate produced in Production Example 2 and 0.1 part by weight of tris 
(2,4-di-tert-butylphenyl) phosphite were mixed using a Henschel mixer. The resultant mixture was melt-kneaded using 
25 a single-screw extruder (65 mm) to obtain pellets of the copolycarbonate. The pellets were subjected to Injection mold- 
ing by a 30-ton direct pressure type molding machine at a molding temperature of 270**C at a die temperature of 70**C, 
to obtain a colortess. transparent, minus lens (concave lens)-shaped molded article having a central thickness of 1 .5 
mm. The molded article was measured for spectral transmittances at 430 nm, 510 nm and 595 nm. The spectral 
transmittances were all 90%. 

30 [0074] The molded article was Immersed in a red dyeing solution produced by the above method, at 75*C for 15 
minutes to obtain a red-dyed molded article. 

[0075] This molded article was measured for spectral transmittance at 510 nm at the central thickness of 1 .5 mm, 
by the above method. The spectral transmittance was 45% and resultantly the spectral transmittance ratio of the molded 
article was 0.556. The dyeability of the molded article was very good when rated visually, there was no color uneven- 
35 ness, the molded article was a satisfactorily dyed molded article. The lens-shaped molded article was practically sat- 
isfactory in impact resistance, heat resistance, etc. 

Example 5 (Production of blue-dyed molded article) 

[0076] A blue-dyod, lens-shaped molded article was obtained in the same manner as in Example 4 except that the 
red dyeing solution was replaced by a blue dyeing solution. 

[0077] This molded article was measured for spectral transmittance at 595 nm at the central thickness of 1 .5 mm, 
by the above method. The spectral transmittance was 46% and resultantly the spectral transmittance ratio of the molded 
article was 0.511 . The dyeability of the molded article was very good when rated visually, there was no color uneven- 
^5 ness. the molded article was a satisfactorily dyed molded article. The lens-shaped molded article was practically sat- 
isfactory in impact resistance, heat resistance, etc. 

Example 6 (Production of yellow-dyed molded article) 

50 [0078] A yellow-dyed, lens-shaped molded article was obtained In the same manner as in Example 4 except that 
the red dyeing solution was replaced by a yellow dyeing solution. 

[0079] This molded article was measured for spectral transmittance at 430 nm at the central thickness of 1 .5 mm, 
by the above method. The spectral transmittance was 45% and resultantly the spectral transmittance ratio of the molded 
article was 0.5. The dyeability of the molded article was very good when rated visually, there was no color unevenness, 
55 the molded article was a satisfactorily dyed molded article. The lens-shaped molded article was practically satisfactory 
in impact resistance, heat resistance, etc. 
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Comparative Example 1 

[0080] Lens-shaped molded articles were produced and dyed in the same manners as in Examples 1 to 3 except 
that the polycarbonate of BPM produced in Production Example 1 was replaced by the polycarbonate of bisphenol A 
5 produced in Comparative Production Example 1 . All ot the molded articles showed a transmlttance of 90% and a 
spectral transmlttance ratio of 1.0, at each of 430 nm, 510 nm and 595 nm, 

[0081] When observed visually, the molded articles were not substantially tinted in any of red, blue and yellow colors. 

Comparative Example 2 

10 

[0082] Lens-shaped molded articles were produced and dyed in the same manners as in Examples 1 to 3 except 
that the polycarbonate of BPM produced in Production Example 1 was replaced by the polycarbonate of bisphenol P 
produced in Comparative Production Example 2. All of the molded articles showed a transmlttance of 89% and a 
spectral transmlttance ratio of 0.989, at each of 430 nm, 510 nm and 595 nm. 

15 

Comparative Example 3 

[0083] A lens-shaped molded article was produced using the polycarbonate of bisphenol M produced in Production 
Example 1 , by the method described in Example 1 . The molded article was dyed according to the method described 
20 in Exanriple 2 of JP-A-8-1 04759. There was no color unevenness and the dyeing was satisfactory, when rated visually; 
however, the molded article after dyeing was cloudy and had no transparency owing to the solvent compound (organic 
solvent) contained in the mixture used for dyeing. 

industrial Applicability 

25 

[0084] A polycarbonate of bisphenol A and a polycarbonate of bisphenol P, which are each a general-purpose optical 
resin, are not substantially dyed by the dyeing method ordinarily used for lenses. Meanwhile, a polycarbonate having 
structural units of bisphenol M, used in the present invention, surprisingly shows very good dyeability. As a result, a 
dyed lens made of a polycarbonate has been provided for the first time by the present invention. 

30 

Claims 

1. A dyed molded article obtained by dyeing a polycarbonate molded article having repeating structural units repre- 
35 sented by the following formula (1-a): 



/—V ^"3 CH, y . 



2. A dyed molded article according to Claim 1 , obtained by dyeing the molded article with a disperse dye in an aqueous 
45 medium. 

3. A dyed molded article according to Claim 1 or 2, having a spectral transmlttance of 1 0 to 90% relative to the spectral 
transmlttance of the molded article at one or more wavelengths selected from 430 nm, 510 nm and 595 nm. 

50 4. A dyed molded article according to any of Claims 1 to 3, wherein the molded article comprises a polycartsonate 
having a weight-average molecular weight of 10,000 to 300,000. 

5. An optical lens made of a dyed molded article set forth in any of Claims 1 to 4. 

55 e. An optical lens according to Claim 5, wherein the portion of the dyed molded article having a thickness of 1 .5±0.5 
mm shows a spectral transmlttance of 5 to 85% at one or more wavelengths selected from 430 nm, 51 0 nm and 
595 nm. 
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